




i 

BNWL-414 
UC-25, Metals, Ceramics 

and Materials 

Q U  R T E R L Y  P R O G R E S S  R E P O R T  

A S T U D Y  OF T U r i G S T E N - T E C H r i E T I U M  A L L O Y S  

A P R I L  1 ,  1 9 G 6 - O C T O B E R  1 ,  1 9 6 6  

R .  S .  Kemper 
D .  P .  O'Keefe 

Metallurgy Department 

April 1967 

,MY 2 '67 FIR8T UNRESTRICJED 
DISTRIBUTION MADE 

Sponsored by the National Aeronautics and Space Administration 
Project Management at Washington, D. C. 

J. W. Maltz, Office of Advanced Research and Technology 

PACIFIC NORThWEST LABORATORY 
RICHLAND, WASHINGTON 



i i  BNWL- 4 14 

Printed in the United States of America 
Available from 

Clearinghouse for Federal Scientific and Technical Information 
National Bureau of Standards, U.S. Department of Commerce 

Springfield, Virginia 22151 
Price: Printed Copy $3.00; Microfiche $0.65 



iii BNWL-414 

Previous Quarterly Progress Reports in this series: 
HW-83550 
HW-84309 
HW-84550 
BNWL-141 
BNWL- 14 2 
BNWL-162 
BNWL-196 
BNWL-378 

’ .  

April 1, 1964-July 1, 1964 
July 1, 1964-October 1, 1964 
October 1, 1964-January 1, 1965 
January 1, 1965-April 1, 1965 
April 1, 1965-July 1, 1965 
July 1, 1965-October 1, 1965 
October 1, 1965-January 1, 1966 
January 1, 1966-April 1, 1966 



1 BNWL-414 

O U A R T E R L Y  P R O G R E S S  R E P O R T  

A S T U D Y  OF T U N G S T E N - T E C H N E T I U M  A L L O Y S  

A P R I L  1 ,  1 9 6 6 - O C T O B E R  1 ,  1 9 6 6  

R .  S .  Kemper 
D .  P .  O ' K e e f e  

I N T R O D U C T I O N  

Technetium is a sister element to rhenium and has many pro- 
perties that are similar to rhenium. It is predicted that 
technetium will have about the sameeffects on tungsten as rhenium 
in regard to increase in workability, lowered ductile-to-brittle 
transition temperature, and improved ductility. 

The objectives of the current work are to recover technetium 
from fission product wastes at Hanford and reduce to purified 
metal; prepare W-Tc alloys containing up to 50 at.% Tc; fabri- 
cate the alloy ingots to sheet stock, assessing the effect of 
technetium on workability; and perform metallurgical and mechani- 
cal property evaluation of the fabricated alloys. 

Previous reports have described the separation and purifica- 
tion of 800 g of technetium metal powder, melting of technetium 
and W-Tc alloys and some properties of the arc cast alloys. 

C U R R E N T  P R O G R E S S  

During the two quarters, the electron beam remelted alloys 
were forged while encapsulated in molybdenum cans; the protective 
can stock was removed chemically and examination was made of the 
material. 

The buttons were individually sealed in molybdenum cans 
1 1/2 in. OD x 1 1/8 in. ID x 3/4 in. overall height by electron 
beam welding. The end caps were 1/16 in. thick molybdenum. 
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To h e a t  f o r  f o r g i n g ,  t h e  c a n s  were p l a c e d  i n  a molybdenum 
b l o c k  i n  an  i n d u c t i o n  c o i l  i n  f l o w i n g  a r g o n .  A f o r g i n g  t empera -  
t u r e  o f  1675 t o  1 7 0 0  O C  was s e l e c t e d  f o r  a l l  t h e  a l l o y s .  
Tempera tu res  were mon i to red  by a W-W/Re thermocouple  between 
t h e  b l o c k  and c a n ,  and a L 6 N  o p t i c a l  py romete r  s i g h t e d  on t h e  
can  s u r f a c e .  The c a n s  were p l a c e d  on a n v i l s  i n  a 7 0 0  t o n  v e r t i -  
c a l  h y d r a u l i c  p r e s s  and f o r g e d  t o  0 . 2 7 5  t o  0 . 3 0 0  i n .  t h i c k n e s s  
i n  one p r e s s .  

The 50  and 6 0  a t . %  Tc a l l o y s  f r a c t u r e d  b a d l y  and p e n e t r a t e d  
t h e  molybdenum can  s u r f a c e  and c a u s e d  some c o n t a m i n a t i o n  p rob lem.  
Small  p a r t i c l e s  o f  t h e  6 0  a t . %  a l l o y  were h a r d  enough t o  b e  
imbedded i n  t h e  p r e s s  a n v i l .  A l l  t h e  a l l o y s  were c h e m i c a l l y  
d e c l a d d e d  by u s i n g  an a c i d  b a t h  of 1 H 2 0 ,  1 H N 0 3 ,  and 1H2S04. 
t h e  a l l o y s  were r educed  by f o r g i n g  t o  0 . 1 2 0  t o  0 . 1 6 0  i n .  t h i c k n e s s  
e x c e p t  f o r  one of  t h e  1 0  a t . %  Tc a l l o y s  t h a t  was f o r g e d  t o  0 .215  i n .  
t h i c k n e s s .  The s u r f a c e  appea rance  o f  t h e  a s - f o r g e d  a l l o y s  i s  
shown i n  F i g u r e s  1 t h r o u g h  1 6 .  The molybdenum was s o f t e r  t h a n  
t h e  a l l o y s  a t  f o r g i n g  t e m p e r a t u r e  which produced  s u r f a c e  roughen ing  
on t h e  f o r g i n g s  r e l a t e d  t o  t h e i r  g r a i n  s i z e .  The e f f e c t  o f  t e c h n e -  
t i um i n  r e d u c i n g  g r a i n  s i z e  i s  q u i t e  pronounced .  I t  i s  i n t e r e s t i n g  
t o  n o t e  t h a t  a p p r o x i m a t e l y  e q u i v a l e n t  a t o m i c  p e r c e n t  t e c h n e t i u m  
a d d i t i o n s  a r e  r e q u i r e d  t o  p roduce  t h e  g r a i n  s i z e  e f f e c t  o b s e r v e d  
i n  t h e  W - R e  a l l o y .  Edge c r a c k i n g  was n o t e d  i n  a l l o y s  o f  20 a t . %  
Tc o r  g r e a t e r , w i t h  t h e  s e v e r i t y  i n c r e a s i n g  w i t h  i n c r e a s i n g  t e c h -  
ne t ium c o n t e n t .  
Tc a l l o y s  t h a t  p r e v i o u s l y  had been i d e n t i f i e d  a s  two p h a s e  a l p h a  
s o l i d  s o l u t i o n  p l u s  s igma .  These  f o r g i n g  r e s u l t s  f o r  t h e  i n t e r -  

med ia t e  s o l i d  s o l u t i o n  a l l o y s  a r e  e n c o u r a g i n g ,  and p r e p a r a t i o n s  
a r e  b e i n g  made t o  f u r t h e r  r e d u c e  t h e  a l l o y s  by h o t  r o l l i n g  t o  
s h e e t  o f  0 . 0 5 0  i n .  o r  l e s s  t h i c k n e s s .  

A 1  1 

S e v e r e  breakup o c c u r r e d  i n  b o t h  t h e  50  and 60  a t . %  



I -  

Neg  5 6 6 - 5 1 8 6  5 x  
FIGURE I .  T u n g s t e n  as  F o r g e d ;  A p p r o x i m a t e  Zy 6 0 %  

R e d u c t i o n  - 1 7 0 0  O C .  
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N e g  5 6 6 - 5 1 8 0  5x 

FIGURE 2 .  W-25 a t . %  Re a s  F o r g e d ;  A p p r o x i m a t e l y  6 0 %  
R e d u c t i o n  - 1 7 0 0  O C .  
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Neg. 5 6 6 - 5 1  8 1  5x  

FIGURE 3 .  W--2.5 a t . %  T e  a s  Forged;  A p p r o x i m a t e l y  6 0 %  
R e d u c t i o n  - 1 7 0 0  O C .  
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I 

Neg 5 6 6 - 5 1 8 2  5x 



Neg 5 6 6 - 5 1 8 3  5x 

FIGURE 5 .  W-5 a t . %  Tc a s  F o r g e d ;  A p p r o x i m a t e l y  6 0 %  
R e d u c t i o n  1 7 0 0  O C .  
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Neg 566-5184 5 x  

F I G U R E  6. W-5 at.% T c  as F o r g e d ;  ApproximateZy 60% 
Reduction - 1700 O C .  



5x Neg 566-5188 

F I G U R E  7 .  W-10 a t . %  Tc a s  Forged;  A p p r o x i m a t e l y  4 0 %  
R e d u c t i o n  - 1 7 0 0  O C .  
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Neg  5 6 6 - 5 1 8 7  5 x  

F I G U R E  8 .  W-10 at.% T c  a s  F o r g e d ;  Approximately 60% 
R e d u c t i o n  - 1 7 0 0  OC. 
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Neg 5 6 6 - 5 1 8 8  5 x  

FIGURE 9 .  17-20 a t . %  T c  a s  F o r g e d ;  A p p r o x i m a t e Z y  6 0 %  
R e d u c t i o n  - 1 7 0 0  O C .  
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Ne9 566-5189 5x 

FIGURE 1 0 .  W-20 a t . %  T c  a s  F o r g e d ;  A p p r o x i m a t e l y  6 0 %  
R e d u c t i o n  - 1 7 0 0  O C .  
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N e g  566-5190 5x 

F I G U R E  2 1 .  W-30 at.% Tc as F o r g e d ;  Approximatezy 60% 
Reduction - 1700 'C. 
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N e g  5 6 6 - 5 1 9 1  h X  
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N e g  5 6 6 - 5 1 9 2  

FIGURE 1 3 .  

5x 

W-40 a t . %  Te a s  F o r g e d ;  Approximately 6 0 %  
R e d u c t i o n  - 1700 OC. 
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. .  

N e g  5 6 6 - 5 1 9 3  5 x  

FIGURE 1 4 .  W-40 a t . %  T c  a s  F o r g e d ;  ApproximateZy 6 0 %  
R e d u c t i o n  - 1 7 0 0  O C .  
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Neg 566-5194 5 x  

F I G U R E  1 5 .  W-50 at.% Te a s  F o r g e d .  
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Neg 5 6 6 - 5 1 8 5  5x 

F I G U R E  16. w-60 at.% Te as F o r g e d .  
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